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Objective: This study aimed to verify the association between human leukocyte antigens and the bcr-abl fusion 
protein resulting from t(9;22)(q34;qll) in chronic leukemia myeloid and acute lymphoblastic leukemia patients. 

Methods: Forty-seven bcr-abl positive individuals were evaluated. Typing was performed by 
microlymphocytotoxicity and molecular biological methods (human leukocyte antigens Class I and Class IT). 
A control group was obtained from the data of potential bone marrow donors registered in the Brazilian Bone 
Marrow Donor Registry (REDOME). 

Results: Positive associations with HLA-A25 and HLA-B1S were found for the blal transcript, as well as a 
tendency towards a positive association with HLA-B40 and a negative association with HLA-A68. The b3a2 
transcript showed positive associations with HLA-B40 and HLA-DRB1*3 . 

Conclusion: The negative association between human leukocyte antigens and the BCR-ABL transcript suggests 
that binding and presentation of peptides derived from the chimeric protein are effective to increase a cytotoxic 
T lymphocyte response appropriate for the destruction of leukemic cells. 

Keywords: HLA antigens; Fusion proteins, BCR-ABL; Genetic predisposition to disease; Philadelphia chromosome; 
Leukemia, myelogenous, chronic, BCR-ABL positive; Precursor cell lymphoblastic leukemia-lymphoma 



Introduction 

The immune system directs its adaptive response mainly against foreign molecules 
bound to proteins on the surface of human cells which are encoded by genes of the major 
histocompatibility complex (MHC) group. These are considered the most polymorphic genes 
found in humans. The molecules originated from these genes are proteins called human 
leukocyte antigens (HLA) (I) . 

HLA genes involved in immune responses are divided into two classes, Class I and Class 
II <2) . The molecules encoded by these genes (surface glycoproteins) have three portions in 
common, the cytosol, the transmembrane and the extracellular portion, responsible for the 
presentation of cytosolic/endogenous peptides to T cells. The Class I region includes HLA-A, 
-B and -C loci which encode the molecules found on almost all nucleated cells. Class I 
molecules play an important role in the presentation of viral/endogenous peptides to cytotoxic 
T cells which are responsible for cell-mediated immunity and the removal of infected and 
modified cells (eg. tumor cells). The HLA-DR, DQ and DP genes, in the Class II region, 
codify molecules involved in graft rejection and in the presentation of peptides to receptors 
of T-helper cells, which produce lymphokines that activate the immune response* 31 . Studies 
show that endogenous proteins may also be presented by Class II molecules and recognized 
by CD4 + T lymphocytes' 4 '. Typically the individual inherits two copies of each gene locus, one 
from each parent, but with co-dominant expression. Thus, the individual has a total of six HLA 
Class I and six HLA Class II molecules'". 

Besides the importance in immune response, studies have shown a relationship between 
HLA in a wide variety of diseases of different etiologies, including autoimmune, infectious, 
neoplastic and idiopathic diseases' 3 ' 5 '. 

Leukemias constitute a special group of severe hematopoietic malignancies; although they 
have been well studied in morphological, genetic and biological terms, further investigations 
are still required in relation to their real etiology. Many associations related to the development 
of leukemia, such as genetic predisposition, and exposure to chemicals and irradiation, have 
been proven' 61 . The main types of leukemia are: acute lymphoblastic leukemia (ALL), chronic 
lymphocytic leukemia (CLL), acute myeloid leukemia (AML), chronic myeloid leukemia 
(CML) and chronic myelomonocytic leukemia (CMML)' 7) . 

In 95% of CML patients and 15-30% of ALL patients the translocation, t(9;22)(q34;qll), 
which results in the Philadelphia chromosome, is observed' 8 '. This translocation juxtaposes 
segment 3' of the c-abl proto-oncogene in chromosome 9 to fragment 5' of the bcr gene in 
chromosome 22; this is observed by karyotyping' 910 '. 
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Breaks in the c-abl gene generally involve exon 2. Breaks in 
the bcr gene occur in one of three regions: the major breakpoint 
cluster region (Mbcr) , the minor breakpoint cluster region (mbcr) 
or the micro-breakpoint cluster region (\ibcr) . The breakpoints that 
occur in mbcr involve introns 13 and 14 and exon 13 or 14 join to 
the abl gene resulting in the el3a2(b2a2) and el4a2(b3a2) fusion 
transcripts, respectively. These transcripts encode a chimeric 
protein of 210 kD (p210) with tyrosine kinase activity that 
regulates cell growth' 11 '. This recombinant kinase phosphorylates 
its target proteins continuously and this is associated with 
unlimited cell proliferation. Furthermore, the exacerbation of 
phosphorylation produces changes in the adhesive properties of 
these cells and induces a decrease in the apoptosis rate. Together 
these changes lead to the development of CML (12) . 

The b3a2 and b2a2 fusions account for most CML cases and 
some ALL cases'". These breakpoints have different implications 
for the aggressiveness of disease' 12 '. 

Several studies indicate an association between HLA and 
leukemia. However, the few studies that associated these antigens 
to proteins resulting from the bcr-abl fusion of the translocation, 
t(9; 22)(q34, qll), show divergent results' 1011 '. These differences 
may be related to the multifactorial nature of leukemias and the 
great heterogeneity observed in subtypes, especially for CML. 
Moreover, due to the differences observed in the frequencies of 
HLA alleles between different populations, some associations 
can be found in certain population groups and not in others" 4 '. 
Therefore, it seems to be important to investigate the profile and 
any possible association between HLA and the resulting proteins 
from the bcr-abl fusion of t(9; 22)(q34, ql 1) in patients diagnosed 
with CML and ALL and treated in the Hematology-Oncology 
Unit of Hospital Universidade de Santa Maria (HUSM). 

Methods 

Forty-seven patients diagnosed with Philadelphia- 
chromosome positive leukemia (44 CML patients and 3 ALL 
patients) and the BCR-ABL transcript with known HLA 
typing were analyzed in the Hematology-Oncology Unit of the 
HUSM. The data of the CML and ALL patients were analyzed 
together as they presented the same molecular findings and, 
according to the present consensus, they correspond to the same 
pathophysiological process or are even different spectra of the 
same disease. The patients enrolled in this study are from mixed 
ethnicities from the state of Rio Grande do Sul, Brazil. 

Control Group data were obtained from records of potential 
bone marrow donors registered by the Brazilian Bone Marrow 
Donor Registry (REDOME), typified by the Laboratory of 
Transplant Immunology (LIT) of the Hospital Dom Vicente 
Scherer, in Porto Alegre, RS, Brazil. This group consists of 
healthy people of both genders, unrelated to the patients, from 
different ethnicities, but from the same geographic region as the 
patients. The size of the Control Group was established based 
on the number of individuals registered in the system by the LIT 
in REDOME (approximately 30,000). Based on a calculation 
with a sampling error of 1.7%, 3006 individuals were randomly 
selected. A low sampling error was chosen because of the 
extensive polymorphisms of the HLA system. 



The b2a2 and b3a2 transcripts were identified using molecular 
weight markers. Whole blood or bone marrow aspirate subjected to 
Ficoll-Paque centrifugation to separate leukocytes was used to type 
the BCR-ABL transcript in RNA. Extraction was carried out by the 
method described by Chomcynski & Sacchi' 15 '. Total RNA samples 
were converted to cDNA using the SS III RT kit (Invitrogen 8 ). 
Each sample was amplified using specific primers for a t(9,22) 
in agreement with those cited by van Dongen' 9 '. The RT-PCR 
product was subjected to 2% agarose electrophoresis, stained with 
ethidium bromide, visualized on an ultraviolet transilluminator and 
documented and analyzed using the Kodak ED AS system. 

The patients who took part in the study were typed for HLA-A 
and -B by serology or molecular biology. The complement-dependent 
microlymphotoxicity serological technique with monoclonal 
antibody (Lambda Monoclonal Trays SMT1A72, CA, USA) was 
performed at the Histocompatibility Laboratory of HUSM. 

HLA Class I typing was performed by polymerase chain 
reaction sequence-specific primers (PCR-SSP) or polymerase 
chain reaction and sequence-specific oligonucleotide probe 
hybridization (PCR-SSO). 

DRB1 gene typing was performed by PCR-SSP and PCR- 
SSO or sequence-specific oligonucleotide reverse hybridization 
(SSOr) and sequence-based typing and sequencing (SBT). 

The Control Group was HLA typed by PCR-SSO (One 
Lambda, C A, USA). 

To standardize data of the typing using the two techniques 
(serology and molecular biology), the B60 and B61 splits were 
classified as B40 and the B62, B63, B71 and B72 splits as B15. 

The frequency of HLA alleles (not phenotype frequency) 
was calculated in two different populations: healthy individuals 
and CML and ALL patients with the BCR-ABL transcript. 

The HLA-A, -B and -DRB1 frequencies of the patients 
were compared with the frequencies of these genes in the healthy 
population. HLA frequencies were assessed in 21 patients with 
the b2a2 transcript and 30 patients with the b3a2 transcript. 

A total of 60 1 2 HLA were analyzed in the healthy population 
remembering that each individual has two alleles for each antigen. 

Odds Ratio test was used with a 95% confidence interval (95% 
CI) for statistical analysis. The probability values were considered 
significant when they were less than 0.05, whereas values greater 
than 0.05 and less than or equal to 0.09 were considered as a 
tendency for the association with disease; for this the Statistical 
Analysis System program (version 9.3) was employed. 

The study was approved by the Research Ethics Committee 
of the Universidade Federal de Santa Maria (UFSM - 
CAAE01 18.0.243.00008). 

Results 

Of the 47 patients, 17 had the b2a2 breakpoint, 26 had the 
b3a2 breakpoint and 4 patients had both breakpoints; thus the 4 
latter patients took part in two analyses in relation to HLA. 

The results obtained from the analysis of the association 
between HLA and the transcripts including both positive and 
negative associations, are listed in Tables 1-4. Antigens that were 
not found in either population were excluded because of the 
inability to calculate statistical correlation. 
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There was a tendency towards a positive association with 
the HLA-B40 antigen (p-value = 0.062: OR = 2.82). A statistically 
significant negative association was found between the b2a2 
transcript and the HLA-A68 antigen (p-value = 0.011: OR = 0.45) 
and a positive association with the HL A- A25 (p-value = 0 .00 1 : OR = 
2.04) and HLA-B 18 antigens (p-value = 0.003: OR = 4.12 - Table 1). 

Table 1 - b2a2 associations with HLA Class I -A and -B loci in leukemia 



patients and healthy donors 



Antigen 


Frequency 
in population 
with leukemia 


Frequency 
in healthy 
population 


OR 

(95% CI) 


p-value 


Al 


0.0732 


0.1028 


0.689 


0.715 


A2 


0.3902 


0.2874 


1.586 


0.202 


A3 


0.1220 


0.1066 


1.163 


0.956 


All 


0.0732 


0.0497 


1.508 


0.744 


A23 


0.0244 


0.0436 


0.548 


0.829 


A24 


0.0976 


0.0973 


1.002 


0.796 


A25 


0.0488 


0.0171 


2.041 


0.001 


A29 


0.0244 


0.0472 


0.504 


0.750 


A30 


0.0732 


0.0363 


2.098 


0.402 


A31 


0.0244 


0.0447 


0.533 


0.803 


A66 


0.0244 


0.0090 


2.758 


0.833 


A68 


0.0244 


0.0526 


0.450 


0.011 


B7 


0.0811 


0.0727 


1.125 


0.903 


B8 


0.0270 


0.0589 


0.443 


0.637 


B13 


0.0270 


0.0185 


1.476 


0.819 


B 15 


0.0811 


0.0855 


0.943 


0.842 


Big 


0.1622 


0.0449 


4.116 


0.003 


B35 


0.1081 


0.1168 


0.916 


0.926 


B38 


0.0541 


0.0245 


2.279 


0.532 


B39 


0.0270 


0.0343 


0.782 


0.834 


B40 


0.1351 


0.0526 


2.816 


0.062 


B42 


0.0270 


0.0062 


4.485 


0.582 


B44 


0.0541 


0.1269 


0.393 


0.280 


B49 


0.0270 


0.0259 


1.042 


0.633 


B50 


0.0270 


0.0218 


1.247 


0.728 


B51 


0.0811 


0.0823 


0.983 


0.784 


B57 


0.0541 


0.0293 


1.894 


0.688 


B81 


0.0270 


0.0020 


13.88 


0.136 


OR: Odds ratio; 95% CI: 95% confidence interval; Statistical significance 


p-value < 0.05 


Table 2 - b2a2 associations with HLA Class II 
healthy donors 


in leukemia patients and 


Antigen 


Frequency 
in population 
with leukemia 


Frequency 
in healthy 
population 


OR 

(95% CI) 


p-value 


DRB1*1 


0.0833 


0.1076 


0.753 


0.842 


DRB1*3 


0.0556 


0.0870 


0.617 


0.711 


DRB1*4 


0.1667 


0.1228 


1.429 


0.586 


DRB1*7 


0.1389 


0.1402 


0.988 


0.828 


DRB1*8 


0.0833 


0.0589 


1.453 


0.790 


DRB1*11 


0.1389 


0.1161 


1.227 


0.869 


DRB1*13 


0.1667 


0.1452 


1.177 


0.899 


DRB1*15 


0.0833 


0.0966 


0.849 


0.989 


DRB1*16 


0.0556 


0.0354 


1.601 


0.842 



OR: Odds ratio; 95% CI: 95% confidence interval; Statistical significance - p-value < 0.05 
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HLA Class II and b2a2 transcript frequency analysis did not 
show any statistically significant associations (Table 2). 

The b3a2 transcript presented a strong positive association 
(Tables 3 & 4) with HLA-B40 (p-value = 0.001: OR = 3.60) 
and HLA-DRB 1*3 (p-value = 0.001: OR = 1.74), while other 
associations could not be confirmed by statistical analysis. 

Table 3 - b3a2 associations with HLA Class I -A and -B loci in leukemia 



patients and healthy donors 



Antigen 


Frequency 
in population 
with leukemia 


Frequency 
in healthy 
population 


OR 

(95% CI) 


p-value 


Al 


0.0526 


0.1028 


0.484 


0.306 


A2 


0.2982 


0.2874 


1.053 


0.974 


A3 


0.1404 


0.1068 


1.365 


0.548 


All 


0.0702 


0.0497 


1.442 


0.689 


A23 


0.0526 


0.0436 


1.219 


0.994 


A24 


0.1579 


0.0973 


1.739 


0.191 


A25 


0.0175 


0.0170 


1.034 


0.627 


A26 


0.0351 


0.0306 


1.151 


0.849 


A29 


0.0351 


0.0639 


0.532 


0.539 


A32 


0.0526 


0.0341 


1.573 


0.689 


A68 


0.0351 


0.0526 


0.655 


0.771 


B7 


0.0741 


0.0727 


1.020 


0.823 


B8 


0.0741 


0.0589 


1.278 


0.856 


B14 


0.0370 


0.0567 


0.639 


0.743 


B15 


0.0741 


0.0855 


0.855 


0.957 


B18 


0.0741 


0.0449 


1.701 


0.484 


B27 


0.0370 


0.0268 


1.397 


0.969 


B35 


0.0926 


0.1168 


0.771 


0.735 


B38 


0.0556 


0.0245 


2.346 


0.306 


B39 


0.0370 


0.0343 


1.084 


0.790 


B40 


0.1667 


0.0526 


3.605 


0.001 


B44 


0.0556 


0.1269 


0.404 


0.172 


B45 


0.0185 


0.0128 


1.454 


0.813 


B50 


0.0370 


0.0218 


1.726 


0.770 


B51 


0.1481 


0.0823 


1.938 


0.134 


B55 


0.0185 


0.0106 


1.753 


0.918 


OR: Odds ratio; 95% CI: 95% confidence interval; Statistical significance 


p-value < 0.05 


Table 4 - b3a2 associations with HLA Class II 
healthy donors 


in leukemia patients and 


Antigen 


Frequency 
in population 
with leukemia 


Frequency 
in healthy 
population 


OR 

(95% CI) 


p-value 


DRB1*1 


0.1250 


0.1076 


1.184 


0.841 


DRB1*3 


0.1429 


0.0870 


1.749 


0.001 


DRB1*4 


0.1607 


0.1228 


1.368 


0.217 


DRB1*7 


0.0536 


0.1402 


0.347 


0.119 


DRB1*8 


0.0893 


0.0589 


1.566 


0.499 


DRB1*10 


0.0357 


0.0150 


2.437 


0.474 


DRB1*11 


0.0893 


0.1161 


0.746 


0.679 


DRB1*13 


0.1250 


0.1452 


0.840 


0.813 


DRB1*14 


0.0536 


0.0398 


1.367 


0.855 


DRB1*15 


0.0536 


0.0966 


0.529 


0.390 


DRB1*16 


0.0357 


0.0354 


1.008 


0.725 



OR: Odds ratio; 95% CI: 95% confidence interval; Statistical significance - p-value < 0.05 
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Discussion 

The association between histocompatibility antigens of the 
HLA system and disease is well known with studies of CML and 
ALL demonstrating this association. The presence of the BCR- 
ABL transcript has been studied in respect to its connection 
with different HLA. The most frequently encountered fusion 
transcripts are b2a2 and b3a2. 

The study of the relationship between different HLA and the 
presence of the BCR-ABL transcript suggests a possible role for 
cytotoxic T cells in the pathogenesis of disease. The individual's 
ability to develop an effective immune response to destroy tumor 
cells depends, among other things, on the ability to present this 
chimeric protein. This capability can be better or worse depending 
on the HLA inherited by individuals" 01 . There have been in vitro 
demonstrations that bcr-abl synthetic peptides are capable of 
binding to certain HLA Class I molecules inducing response 
from peptide- specific CD8 + cytotoxic T lymphocytes 0617 '. These 
studies suggest that CD4 + T lymphocytes can distinguish CML 
from normal cells directly by recognition of the bcr-abl fusion 
peptide presented by the HLA Class II leukemic cell' 18 " 20 '. 

Individuals with certain HLA alleles which are able to bind to 
peptides derived from the bcr-abl fusion transcript can be regarded 
as having a "biological advantage" in the fight against the disease 
compared with individuals without these HLA alleles. A positive 
association between an HLA and the BCR-ABL transcript suggests 
that this particular allele does not efficiently bind to or present 
the peptides derived from the transcript. On the other hand, a 
negative association suggests that the binding and the presentation 
of peptides is effective and the T lymphocyte cytotoxic response, 
suitable for the destruction of leukemic cells, is increased. 

In relation to HLA Class I and II antigens , the presence of the 
BCR-ABL transcript in leukemia patients seems to be associated 
to both antigens as either positive or negative associations. 

The present study found a positive association between 
the b2a2 transcript and the HLA-A25 and HLA-B18 antigens, 
a tendency towards a positive association with the HLA-B40 
antigen and a negative association with the HLA-A68 antigen. 
The b3a2 transcript showed a positive association with the 
HLA-B40 and DRB1*3 antigens. 

Mundhada et al. (10) , on studying the North American 
population, showed the same negative association between the 
b2a2 transcript and HLA-A68, however, these authors found 
no association with HLA-B18. They also showed a negative 
association with HLA-B40 while the current study showed a 
tendency towards a positive association. Moreover, the study of 
Mundhada et al. (10) suggested a positive association of HLA-A25 
with the b3a2 transcript, different to this study that found a 
positive association with the b2a2 transcript. Similar associations 
in relation to HLA Class II molecules were not found. 

In Italy, Richiardi et al. (21) could not find any significant 
difference between the frequencies of the HLA-A and HLA-B 
alleles in CML patients and the b2a2 and b3a2 breakpoints. 

Yasukawa et al. 03) investigated the association between HLA- 
DRB 1 alleles and CML in patients from Kumamoto, Japan with the 
b2a2 and b3a2 breakpoints. HLA Class II data were analyzed and 
there was no correlation different to the current study. 



Based on descriptions in the scientific literature, there are 
still conflicting data regarding the associations between genetic 
polymorphisms of the HLA system and the BCR-ABL transcript. 
It is known that there are large differences in HLA allele and 
haplotype frequencies in different populations worldwide 
and leukemias are multifactorial diseases so that analyses are 
complicated. 

There is an assumption that the action of cytotoxic T 
lymphocytes is dependent and restricted to HLA; this assumes 
particular importance in the genesis of leukemia with the BCR- 
ABL transcript. 

The negative association of the BCR-ABL transcript with 
specific HLA suggests that this molecule acts in the presentation 
of peptides derived from chimeric proteins and stimulates a 
satisfactory response by T cells, considering the genetic frequency 
in the studied population. 

The different associations found in this study suggest 
heterogeneity in the immune response linked to HLA. 

Studies with greater numbers of patients are necessary 
to identify other possible associations between the HLA and 
BCR-ABL transcripts and check the associations found for the 
Brazilian population. 

The importance of studies between the HLA system and 
leukemia is not only to define the predisposition to disease. The 
stratification of leukemia patients with a BCR-ABL transcript 
into groups according to HLA typing may indicate a marker 
for prognosis. With this classification it would be possible to 
establish adequate therapy according to risk. It is suggested that 
multicenter studies with larger populations should be carried 
out to investigate the associations of HLA with the BCR-ABL 
transcripts and response to therapy with conventional drugs, bone 
marrow transplant, immunotherapy or combinations. 
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